O TA 


WORKSHOP ON SAFETY IN TUNNELS AND UNDERGROUND 

_ STRUCTURES- RIYADH 8-9 NOV., 2006 



jiajSfl ClaJS j jUWl ^ 

)) 1 f y i yx^Ji asljlav ) y A ^ ^ ^IjJI 


Djj _ a^Luj _ jVI _ ac-VI j_ cii^ A^LudjVI (JLoc-VIj (JL^c-l J 

J Jl J ^ ^jj^)jJa !l CjI AIoIaII j A A^ jlJ ^J A^ jl J;1^I A^Loi^IjujVI CjLujIJ. 1 II J 

jl aVI j aIjc. j jjQ cjI jL^I (jUjVI ^<lj^j ^j-Q uLojjj ( ^j^jVI cii^ ^LuajVI JL^c-VIj 

• ( J UJ^ J A-aLu-o (jj^ J 

CjI j' ki.j _Luj 1 (J Axll ^1J-QJ ^a^ljjiaui C ^j^lxU A^jJjll 0^1 ^)JI .^Sc. ^ 

A 6 ^.1J ^1 D^J ^ AAI^ j Cli^ A^LudjVI (JLoc-VI ^ aJj^I AjQ^yLoill j 

(JjI_ ui J i A^UjL^a_!l bf.\ _^yi _ ujI i A-lajujljJ ^UjVI ^ ^UjVI 

.... ^1 ^iLiLyiJ 4 tsj^ J ^ 

aJo_ujIjJ jl A_^\J_UJ ^1_ajVI J_^ jj_!a ^jC- ^j.Ia^)5LijujJ L_fl 

A_aJojIj ( 1_^ Ajq!>IjuJI l^Ij dIa l3^)^ j (j-*^ D.^ 

. ^1 dI^I 


AV 
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Aj^Jajua]i Cji^Lil^'^i CS^ (J-QdJklj ^Lil^i ^lA^\ Cjljuji^,l]i 

jj_kli (J!Lq ^ iaji^)^i (, 4^ljui£luji jLi l3^J^ lP 

6 (JLa^i L_ajua^i (Jl^^ 1 .ft! A-v**Ui'ij 6^.li£ ^^)ia]i LaAj j 

L^J_ (, _11 J Q^\ Cjl^iinli (, ^^ CT^ LJi^)xIll] 

ji y>j^ L3^)^ Ai^^)-a]i J ^lij'^i <Laj!)La]i ^lc.,l]i <^l!ili Ai^^)-a]i 

—11 ji jj'ii Jalilrk'^lj tiU^j jlij'^i jir^ j^Loi j^lj 4^1 jli 41^ j^i ( A^sjuoi ^y 

^lc.,i_^iji( shotcrctc ^ ^jj^i ^-la_^i^ ^i J_^ _^i ^ l3:J^)^ L)^ c 3^^ AJaJ^^i 

(JLaC.i ^.Liji LqIa i^-i ^LuiALiJi Ai^^)-a]i ^ Rockbolts) ^^LajoiAli 

Aj^i ^La^J AJaSLa^i <Luo,iLui]i Ai^^)-a]i Lai jjA .^W <L^i^)>al 6 j^_^i L_U^ jj ^^)Ja jC- j ^lij'^i 

jlij'^i iJ^ j^Ltli 4 Lai -V A\ J A-a^yLuili Cji^.i^)^j till^ fil-Lali lJl3^)a^ A-alaji ^-«. ^^)Ja jC- 



: ^Uj^I ^\ uiuJ) ^ jjAaH A^ jSfl CjLujI j^l ~ Vj) 

(j^)]ali J 4^jlj;i^i Cji jljLli.Vij CjLuji jJi cl)^^ • dl^j Aj^JajoJi A^jlj;i^i Cji jljLli.Vi 

: Ajf^\ 


6 j A J ^Diamond Drill ^^Lali jii^i) ljI^UL jA^I aJiu/I jj Aj^Jiu/ Lj^I A^lui^unitl djLu/l jjJI — ^ 

^ _jSi jjA_1] ^Corc Sample^ ^Lac-Vi jj^-x^i y A^iAxii j^i (J-<^ Aaj^)]ali 

. ^ ^ ^ (J^j^ L)^ L^liiLali yy 



jl&^i Aixuii^ Aj^ixuu Cj^jli AjaI iT.<*<ii.*^| cjLuui jaII (j£^i 
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^ a j !j;i^l _yjl ^L_jq1I c ^ ^ AjI jJajuoVI {j-<» (j^aL>LilLaj| 

^ ^ A\ \\'m\\ ^ a cjI _Ajlx^i dj ^ ^ ^ ^ Cy^j ^ u.o 

.(t) Igioiljj ^ CoreLog 



( Coresample ) ^ijkui cjli^ (t) Jlu 


^j ( Percussion Drilling j—<1^1/) ^LilL^y) lijUuIjjII -1 

j_^ AjL^I jjA ^^ ^ Aaj^)]all 

^^Jajuoll 6 ^Ua J J^ CjLujI jJ 

. Penetration Rate (jt j j 

' lLmSII - r 

^jc. A^I£ CjL<ijisLA (J^ jj^)jJaSI qa qjU\ 1 L_Ljjl£-<i 

l^_^i j^j l^L<iC.i J jjA ^jj L_fljuj^l ^^)]a ^jc. tiilj ^j Aj^JajoJl dl^ jjA 

^ dll^ J fiduoj jjA Ailj^ dil^ Ajjjlilll 

*■ (ij^ (^J 

Gravitational Methods (^jU.) (ijl= -^-V 
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Magnetic Methods jjL -Y-V 

Electrical Methods - V'-V' 

Seismic Methods jij) -i-V' 

. ^Jajuo Ldb A^j^Ludllj ^)JQ3tJj 


; AuLj^) J>y) r-r 

^ ^ ^^ CJ—^ Aj^lC- Aix.aJj d^)ju^kl] Ajji 

CjI SfckI ^ L^ .1^jj (Jj(jjuJI ^jjj L^ .1^jj CjIc. 1 jill Jld J-dljc. 

^a— a! J (Jjl—juo t- qV*^^**^ J cJ^ a \ a \\ 

: a^Ij 

.Equipotential Method c^jLAdl AhjL - 
.Resistivity Method ^jlidi - 


; '(^JUuJ) f-f 

AaIxjj A_ijJajVi 6^)jujki] Ajj^-dl jj^-x^ai] t- 

CjI jLoj _j Aj^)^-x^ 1 <-**^1 Q^tnW dJL^ljLA ^ {jc« tAjjj (j.^i 

A ^ Ia jj^ .lie- AjujoVi jLoi^lj ^l£jul Ajjulj CjL^ 

Reflection Method ^jia - ^ 

Refraction Method jLa£jVI ^jia -Y 


; ^j.ai) U ijIaj juuaJ J^Li ^.uu ~ i 

CAjjxj^ 11 dJ k ^1 V] ^jLubdl (J.«axj ^ I^jLx^ ^^^1 Cjlj^^xxxall ^<^1 AjjJajVl olj-dl ^)JQ3tJ 

oL—^l JJUJ lA ^JJ ^ Lillie. J t^iLuijVI .lie. Ia J^Ij Vj AjjJajVl ol-^l L i ^ y\ jl£ 131 JSi 


jtldVl Cjlld 6.13U /^lijVl 


^ j|Axtba 




)VI 


A_j£>lc.j j1_jV 1 o.i_^ ^ <iLdl ^Jajuo (jjjl^ ^ A-^1^ jLjI ^^)]a ^jc. oL^l jxuLi 


AjjJa )Vi dLbdl / uali^l q pliij )1 AjullLd 


A ♦ 
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4^1 jLi ^ 


4_jlx^l l1 

_ A J4.a^ 


; 4^ j^l 4^ jlj^l JiJlj^l jIjpI - 0 

L-LajLlall ^ ^jc- 4^ji 4^^4JaJ^)^l ^ \^ 9 '\ 

CjI j {jj^ ^Jajuo dl^j (3 j^ CP" 

4.^LLd 


• ^ ^^12]! J^l ^ ^ 

4 aIxII (^_ 3__al^)^i j 4 j (Jj^juollj (j ^<^j (J^ 4jp j 

C-J_cl):^ 4j^Jajudll qV*^4. ^\1 CjLuIL^I^ 

. PqU^^\1 ^J^juO ^ ]^9\ P qV*^-N. ^\1 

; A^l jua^) jlut)tl J2JI j^l -f-^ 

(j^\ j ^ ^jia xj j ^ 4 J^>Ij11 pIxjVI ^ l^lp|.iL<il j 4^jjuj^l j Ajj-v Cj|^jl| ^1 ^ ^jJa^ 

^ l^jujjpj djljjiaJl ^ jjj 

; 4 j^ j^I J2JI j^l - f- ^ 

jj_Aj _Ic. JajlJ_^1 oP_^ ^J_J^j ^Jajuoll dlaj j]Jajl^)^l (j-a ^jill IPA (J^^ 

. (^J^jui (J!1^ C5^ cJ'^ CjLd^lc>^ 

; 4 ^LuL 4 /) 4 ^jlJ^^l J2JI J^l -i-^ 

^ r^jj^ Jajl^)^l dP^ ^jJa^j 4JaJ^)^l ^ ^ PaU^^tl j j]J:^^ Cjljjj£jli ^jJajJ 

^.♦J^ CjIjjj^jII C-pI£ jl CjIjL^I jI 4jjp 1I <:.Ua^ (Pp^ l^jujjj PqU^^tl j 


4 ^ 
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jIj_ La ^_Ja Jj A nar a ^ ^Jajuo <iUasLll dl^ 

^ ^IjqIIj Cjlsflall 

: ^Uj^I A4j^L4il - i^lj 

(Jj 1^1 ^ ^JJ ij ^ AiilkJI Cj(jL^VI J:iM^ dj^ dJjljudJ Aj^LiJI djLuol ^LuoJ 

^ _2 j_<- ^ jxl\ ^ j 

. ^lc>dj Aj^L^I 

Rock Cover ^ jL^I ^UaiJI -1 

^ _!l <:.l_lasLl] A _ jdji _^flall (J£j ^jc> dj| dj^ Aj^Jajoi dj^ 

Ixd t- (JlxijVi djVl-^ ^ .l]jjij dll^ A-vjV^J 


: Rock Mass Classes jj^l ui^ - r 

djl dj^ j Ajsuilall jLa L-s!>lllkV Ixd t- ^ 

1 ^ AiSJXjb^a ^ I 


Seismic Loads ^Ijljil JLu^'^lj i^jUl^yi -r 

^UaiJI (J£ (jc. 6Jjl<JI cjIjI^VI 4-ijL^ Jj djl£jaJI A-V djIjL^i jj^u^Lj Ldij 

.A^ljll djIjL^VI djijL^VI A^ ybaJI oiA ^j 


static Loads JL^^Ij d^ljl^y) -f 

. (JL^c-Lj jj^(JL^c-l ^\Jl\ cjIjL^VI 


; ^jJ^IS^I ji^l ~ 1 

_x-d AJajuol jJ (JLiC-l ^ dlli .IxJ .il ^1 jAutiV Benches c jJal )>.o^ Jj (jlij'Vt 

A 3_ kj^j d:*-' c> ^Lkjalj dUij (Road Header) a^I£^I jiaJI 

6^)jjaj_^ ^ c5'^d djlda (Jij ^ ^ '■^j ^\M\ J (,5^j ^^yluiA 

_‘ ^-v 4,^]ala ^ lIlA^Ij aJoujIjJ (Jjir tViMl dll^^l j •IjC' 

.(i) JiJ; (j^l 


A1 
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Road Header)) jiaJi (t) Jlkili 






; juAiU) 4Jiutljj ji^l ~ t 

Tunnel Blasting JLL^I 

i _J ^ _jil j_ aII j ^^.lilLuoJ 

Ui« t' jiVi SJ^IxILq 


; ^LiJ^I ji^ -t-t 

^j( J JJ L^J^J Jj^ijll ^ L_flJJUO AllalJI 3^^^^ iklj ^LaiJI c3:^J^ 

J_1__A JJ^JJ jUa^l A-^ljll jj^-?^ OJ^J^ ^ ^ (JjJall 

^ ^ ) (J^juo . A^ 


; ^jj^J^LJ (JUj^I ji^ ^ A^XuJ) cjlfirlj^l -f 

.Cjl.ix-allj (JLoslII jjajjll aqU*^^ 

.(JLaxil jjajjll aqU^^\ ^jjt -V a\\ 

. Jj^ijll Ailald ^ 

. jj^^l A 

.oJ,lubaH Ajuol^)^! AiljJaVlj A ^ J Aj^Lk CjL^^ ^ 


AY 
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Luj h L_fljjuo Ajuilal ^ Ajuol cl)^ C5^J 

cillj_6J_j_Un^l j_C5^ AjujI 

CjI J,ail<jl_J ^ ^ _! 4-u2iill AjL^C. 1.1^ ^ AilalJI ^ jll jlj^l jill Jj ^LjaVLj ^LoiJI 

. A-AjHC. A-vjV^ d^)ja£^l ^ ^A^ljlj A-AjHC. A-AjHC. .IxJ 





: Jli^l - UjIj 

(J^ aJojujIjj ^ Ajtaljll (JLa^Vi l)j^ AjL^I ^ CjIjI^VI {ji 


jIjI _(JW^ t- ^jjP (J^ tlAjlsu jj^-x^l 

jjiu.^a_!l J-^ (Elastic Rock) (J^ ls^!^ 

^ ojlc-j ‘-**^j/*^*> J^ 

: QA ^1 jj| 6 . 1 c. . 1 ^jjj A^L^I ^^^Ic. Ac. 4 ( 3 ^^ A-ilia ^^^Ic. Ajt^l jll 


; ^IpJ - 1 

JaxjJall A>ijlL(^j jjA jL^l jl ^j2j ‘- ^ jt^ci. ^\^\ jjA ^lc.J (^J 

• ^y^\ ‘- ^ 13] A-<ui.l]l ^lc..l]l ^l.lilLuol .lll^j {jlj^Vl aIL^ ^] jjA (Ja^ JjI j^l 
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; 4^1 j]l - t 

_11 l_^^j Ajuj_11 cillj__11 d (J1^)^ ^lc>.lll L_Ludjl A^l.lll ^lc..lll ^)JQXJj 


_11 jL<ujj a 11 ^ ^ Jj^j^l ^ C_JjSl Rock Bolts ^jL<ujaJ1 

a1 ^ 1^1 • -^*^1 aJL^ ^ ^11 {jj^ Ls^J Li^j Cj^ Cj1au^\ LjJj^j 


_ kj (Shotcrete) ^1_ ujI j^l 5_^^ijll .i^jj t!lli£ ^jill li^ ^l^ikluol j^j 

Cj ^ Ja- a\1 ^1 ^^1 aJ^jujI ^ c ^Ijiyi (^^1 j Cj1au^\ qa CP" 

(J^JCO C5^ c-^lxtil a\ A^LojI^)^! Ajuo^I (JaxJ 



Rock Bolts ) ^jl^uiAS L ^jj ( Jlkill 



^.u^l AUi ii\^\ JJ'^ '^^1 (^) (JS^tll 
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: CjUj ~ Luu^l^ 

Monitoring of Tunnel Deformation 

_C. ciilj .IxJ ji f .\jjuo 1.1^ Aju^ 

CjI aJo uai jJ 6 j ^ CjUI^ 0^^ (J:A^ ^ 

j_ ^Ij ^ A3!>Ix 11 {jj^ ^ CjUI^ 0jl!ijj {j^ A3 !>Ix]1 

(J^juo ^jjj^xilj aJL^ j^j^lui\ aJL^ ^ ^ ^Ixxakjllj oL^l 



^LUyL <JjU j ^^ j-4 

: Methods of Monitoring Deformation jj^^l Jjh -1 

Measuring Rock Bolts iLutljj Ajj^j ^Luu SJ^I -1 -1 

^ _ iJaj ^aJ_J lLi_^ (. 5 ^*^ J^ ^ 

.A^Loi^l AJajuol ^ SiC- All^i j|i J^iji L-flLudll 

. * * JI ^*, * ) J^ jj^ Ly^ 5 * ^ dzl^jaJ j^J 


c3— 

^1 qAI 0, 


Convergence AjjIlUll q^IIaII SJ^I - f -1 

I jl Jaj|I ^ ** J ^Jill Jalij ^ AjL^ 

Ql—i AiLob^l (JJjl^ ^JjjLoi^ AJsjuoI ^ ^Jjjl^l ^aJJ LS'^ 

(.J^juo ^I A^^I ^.I^^ Jal^l b'^ ^,lc- ^1 

* * JI ^*, * ) J^ jjA ^ dzl^jaJ j^J 
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Extensometers jL^juuluS^I -f-l 

_11 ^ xtil jl^yill AqU^^II ^ ^ jl .l^lj {jC- J^J 

J_XJ L-IlJo^I 1 ^ ^ ^'1 j 1^)^1 AJakill ji Aalt^^ll ^ CP' 

jl A_^ _jc-j (Gs^Ugc) (jjjl_^ jJ L-Uxiakll AjL^ '■^j aJojujI jj AiJju 

_C> d<:.l J all j ^1 ^tllljj L-fljjuj ^.1x^1 L-UjJaall ^li Aij^)IaJj A Uq^II 

cJ^ .L-UjJakll AjL^ ^jc. .1^1 jl<illj Gs^UgC (Jjjlji-<J1 

^aJ_Jj , * * Jl jj^ ^^11 ^0] 5^^ =1=“ 

A_^jlj^ LjJ_^1 jll .^JJ jll AijxjJall (jlijVl J tilli£ Ic-Lod JP^Vl (jlijVl J 



Convergence ^jjIHaS (jA1A\ Sj^aI (^) Jlu 



jj^j)<t xiTu xi^Vl (jdul^l dj^l 


AUi JJ'^ ^^^1 ^ 
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: j Lu4JLu4 

a -n. j Aj^I AjL^^ CjLujI^Jj ^aJJ 

,l L<i Ailai^J A A\ 

I ^ LJaj ^ ^ ^ 1 /\ Aj^^^jb^aSl L—Ax^sjI ^ 

_ A A _^Ijll dl_^l C5^ 0.1C«Lub<^ll i ^J'A i^fl aL^I 

t5—^ oj^Ljj . « jJ.^ 1 iai^ ia 11^ oL^l LS^ cJJ (J 

L_fla ujIj Jaj|Jjia L^JujjJj jj <^\ L_flJjj^ Jajl Jj^ Jajl 

(J£_klo ^jlij_J L_^jx^aal( Jj ^ ^j AjjJajI JP L>^J 

.(U) 



dL^i iajj J.U (^ ^ 


ciilj_^ {j-<» C5^ A ]Aa1 "V ^\\ Ajj^I ^lijVi “t 

A _ J.iLxJl A _ ‘^Jj _ ^ (JL<4C.| Jju Ax^Lk ^ CjI jliil ‘~ *qjqA*>\ 

_c- ji (__3__ajll t- QQ^^' ^Jajuoll .^LoJ Sll3.ft Ajfl^ Ajjuj^j L-^l ^jc. tiilj 

A__^ J j^ljj jlijVI ^jj^ Exhaust Fan ^j ci^VI cJ^l.i<» (jjjia 

^ ^ t ^ lLi jLo1\ (^5^^ <5-^ 


^A 
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CjI^UHuiVI 

_11 ^ w*^ll li^ ^ W*>11 ^jj 1-^1'^ dlaj A^LuliVl (Jl-<^V1 ~ 

_2 1 ^ 1 A ^\1 CjI^J^I AqU*^^ ^1 ^)iaJl (J^j ^ i<-lAijQll ^)^^1 (JL(^Ij Ailxll^l (J^Lubftll j 

^ _ A ^)i^l (JLdC.i .Isuj ‘■^11 cl)^ j^] I^IqW^I j ^ ^)^^1 (Jl--<^1 ^1 (j^ljj ^Jajuoll 

A A Jl Jj L<i lLi. 1^1 ^jjj c_J^Ijll L_a3tjJall (3^^ ^1 jJ 

^j^)juj_ a11 C5^ (JL<4C.1 jI^^aLojI Cjlj.la^l 6 1a lJ:^^'^ Ajj.laJl 

CjlA.liJl QA Ac.^1 Jj ^ . 3^^^^ Aa^/Lojj qAaIxH AA^)ljudll ‘-**^1 Slc-l^ j 

.... ^1 (, 6<iljJaVl t Ajj^I (J!L<» 3^^^^ (JIaC-I jI^^aLojV 

A _^jl CjLaji J. 1 II (JaC. ^JA AjV (JIaC-I .liiijj ..^*^11 (JaC. (JjSj 3^^^^ ^^ 

A.j^jjl^JAll ^ A,jxJJ^ail ^ 

1 f. J Ja ^ Ic. 3^1 AaI^I CjLaI J. 1 II ^jA oIa <>—]^. (jiajVl dial jjA .^11 \ ^Jj ^^Jjj\ 

. V ^1 Util u ^^^1 111 Ia cl)^^ 


; ^Ij^l 

1- Rock Mechanics for underground Mining , B.H.G.Brady ,Division of Geomechanics 
,CSIRO,Australia , E.T.Brown , Imperial College Science and Technology , London , 
1985 

2- Applied Explosives Technology for Construction and Mining , Sitig O Olofsson 
,Sweden 3- Rock Mechanics Design in Mining And Tunneling , Z.T.Bieniawski , 
Professor of Mineral Engineering and Director Mining and Mineral Resources Research 
Institute , The Pennsylvania State University , 1984. 

4- Introduction to Rock Mechanics , Richard E .Goodman , University of California at 
Berkeley. 
















